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I. Introduction
The electron-doped regime of rare earth manganates of the general formula Ln x Ca 1-x MnO 3 (Ln=rare earth, x<0.5) have attracted considerable attention because of the unusual properties exhibited by the compositions in this regime. 1, 2 The electron-doped manganates are different from the hole-doped manganates (x>0.5) in several ways, and electron-hole asymmetry in the manganate system has been discussed in some detail. 2 The electron-doped manganates are dominated by charge ordering and do not exhibit the ferromagnetic (FM) ground state at any composition. Even small doping in the A-site (x≤0.03) has marked effects on electronic properties of the manganates. 3 In the Ln x Ca 1-x MnO 3 system, compositions with x<0.03 exhibit G-type antiferromagnetism while those with x=0.1-0.15 shows C-type antiferromagnetism, often in admixture with G-type antiferromagnetism. Ferromagnetic clusters are present in the entire antiferromagnetic (AFM) regime. 4, 5 Compositions in the x=0.03-0.1 range show a significant increase in magnetization around 100 K due to the presence of FM clusters in the AFM matrix.
There is also a change in the resistivity behavior around 100 K and the x≤0.1 compositions exhibit low electrical resistivity above this temperature. [6] [7] [8] Magnetic susceptibility and resistivity data show some history dependence or irreversibility as well. 5 Charge ordering appears to manifest itself when x>0.1-0.15, but the manner of evolution of this phenomenon with change in temperature and composition has not been fully examined. It is generally believed that there is phase separation at low temperatures, with the size of the ferromagnetic domains increasing with the dopant concentration in the x=0.02-0.1 composition range. 5, 9, 10 Electrical conduction in this regime could be percolative. 4 In spite of several studies on the 
III. Results and Discussion
In figures decreases, the maximum value of µ β being found when Ln=Gd (Fig.3) . The increase in x max with decrease in <r A > can arise from phase separation due to presence of significant FM fractions in the AFM matrix. The largest ferromagnetic fraction occurs around x max when the magnetization is maximum. In the composition range x>0.15, the ferromagnetic fraction is expected to be small since its concentration should decrease when x>x max . We would therefore expect phase separation to be prominent upto x max . Considering that ferromagnetism itself would be favored by large <r A >, the observed trend in Figure 3 can be taken to reflect an increase in the width of the phase separation regime.
After the magnetization attains a maximum value at x max , we not only see a sudden drop in magnetization, but also evidence for a competition between ferromagnetism and antiferromagnetism. This competition gives rise to a peak in the The x<x max compositions in Ln x Ca 1-x MnO 3 exhibit magnetic hysteresis at T<T M (Fig.7) . The hysteresis loops throw light on the nature of phase separation. In the multilayers of spin valve and permalloy materials [12] [13] [14] wherein the ferromagnetic layers 8 are coupled to antiferromagnetic layers, the hysteresis loops reflect the extent of exchange coupling between the ferromagnetic and the antiferromagnetic layers. The coercivity of the ferromagnetic layer increases due the coupling with an antiferromagnetic layer. Since the phase-separated compositions of the manganates contain both ferromagnetic and antiferromagnetic regions, they would be expected to show similar behavior. We see from Figure 7 , that hysteresis loops are broad at small x values (x≤0.04) and the width decreases as x reaches x max . When the system is subjected to magnetization reversal process, the interfacial spins between antiferromagnetic and ferromagnetic domains rotate with the ferromagnetic domain but experience an increased rotational drag due to the antiferromagnetic domains leading to broadening of the hysteresis loops. As the electron concentration or x increases, the ferromagnetic character (domain/cluster size) increases, and thereby reducing the drag substantially and hence the width decreases with increasing x (x<x max ) as expected. It must be recalled that the ferromagnetic fraction reaches a maximum at x max . The width of the hysteresis loop for a given x value increases with decrease in the radius of the Ln (or <r A >), reflecting the effect of phase separation.
The ferromagnetic hysteresis loops are symmetric, indicating two equivalent directions of magnetization. On the other hand when a ferromagnetic/antiferromagnetic material is cooled in an external magnetic field (as in this case for obtaining M Vs T plots) below the Neel temperature (< 100 K), the loop is shifted from zero due to the exchange bias effect. The small differences in the coercive fields (Table. 1) seen for the phase-separated samples may be due to pinning of small fraction of ferromagnetic 9 interfacial spins to the antiferromagnetic domains. The pinned spins do not rotate in an external field as the spins are coupled leading to exchange biasing.
Magnetization reversal in a ferromagnetic system occurs through rotation of spins, and via domain nucleation and growth. An examination of the hysteresis loops shows that magnetization drops from a maximum value to zero sharply compared to the increase from zero to the maximum value. This suggests that for 0.02<x≤0.06 one mechanism dominates over the other in a particular region of magnetization reversal process bringing about an asymmetry in the hysteresis loops. Thus, it is much harder to magnetize the 0.02<x≤0.06 compositions wherein ferromagnetic clusters are embedded in a antiferromagnetic matrix.
It was mentioned earlier that the conducting mechanism in the phase-separated regime maybe percolative. We have employed the scaling law, σ ∝ | x c -x | p , to treat the resistivity data in the x=0.02-0.1 composition regime. We show lnσ -lnx plots at 50 K and 20 K from the series of manganates studied by us in Fig.8 . 
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